Abstract-A system for controlling the arterial partial pressure of oxygen in patients on long-term oxygen therapy is proposed. After performing a parameter estimation of the model of pulmonary system, an adaptive observer is applied to perform the control task. The observer considers the model uncertainties as disturbances and rejects their impact on the system. As a result of this, the quality of the control can be drastically improved. The presented simulation and experimental results show the effectiveness of the proposed scheme. The proposed control scheme is applicable without preliminary adjustment of the control parameters.
INTRODUCTION
Most of the patients with pulmonary insufficiency are administered to breath either pure oxygen (O 2 ) or high concentrations of oxygen from a mask or an intranasal tube. The purpose of the oxygen therapy is to ensure that the patient arterial partial pressure of oxygen (P a O 2 ) is maintained near the correct value. Depending on the level of the lung insufficiency, the physician administers a certain amount of oxygen the patient has to inhale. However, exercise is known to induce a decrease in the oxygen concentration in the blood and it is hard to predict how much P a O 2 decreases during exercise from the common pulmonary function tests such as spirometry or arterial blood gas analysis [1] .
Furthermore, it is known that the lack of oxygen becomes a powerful stimulation to respiration, sometimes increasing the ventilation as much as five-to sevenfold [2] . On the other hand, during oxygen therapy, relief of the lack of oxygen occasionally causes the level of pulmonary ventilation to decrease so low that lethal levels of increasing carbon dioxide (CO 2 ) in the blood (hypercapnia) develop. In other words, an overdose of oxygen is as dangerous as the lack of it.
It can be concluded from the above discussion that the automation of the process of adjusting the concentration of the oxygen supplied to the patient is desirable. To meet this need, a number of research groups have developed and tested systems for closed-loop management of the gas levels for mechanically ventilated patients, e.g. patients under anesthesia during surgical operation [3] [4] [5] ; however, as far as the authors know, there is not much research on the control of the oxygen supply for patients with pulmonary diseases, especially non-hospitalized ones. In this paper we present a system which allows the control of the oxygen supply for patients with chronic obstructive pulmonary diseases (COPD) and which can be used not only for hospitalized people, but for outpatients, too. Because the changing of the level of the blood oxygen is unpredictable, the present study is an attempt to apply adaptive techniques in order to make the patient's pulmonary system follow an a priori designed simple dynamic model and to control the oxygen supply in a way that the P a O 2 is maintained at the correct level.
The respiratory system is generally very dependent on the equivalent volume of body tissue, blood flow rate, total volume of alveolus -factors different for every person and difficult to estimate exactly. Moreover, the dynamics of the system are affected by numerous unknown factors which do not allow us to define precisely the necessary information for the synthesis of the control system in classical control theory terms. This makes adaptive control techniques most suitable as a tool for searching for a solution to the problem. In the paper the respiratory system is considered as simple as possible because of the limited knowledge at this stage.
A disturbance rejection observer [6] is used to control the amount of the gas supplied. The observer adaptively adjusts the concentration of the oxygen in order to keep the P a O 2 close to the desired value. The proposed control scheme is not an adaptive system in the terms of 'classical' adaptive control theory [7] . In adaptive control theory, usually, the plant parameters are unknown and the controller is adjusted on-line together with the identified parameters of the unknown plant model. In such a situation some problems like the proof of the internal stability of the overall system and guaranteeing the boundednes of the internal signals arise, and there is a need to pay special attention to these problems any time when a new system is designed.
The adaptive observer, used in this study, makes the individual pulmonary system 'behave' in the same way as the model. As a result, the proposed technique allows us to easily design a suitable controller, e.g. PI or PID, based not on the patient's features, but based on the mathematical model. Because of this there is no need to perform adjustment of the controller parameters depending on the individual patient, as happens in the classical control theory. Another advantage of the proposed scheme is that the amount of the calculations, compared to conventional adaptive control, is drastically reduced, because the filters order is comparatively small. This
